Creating a Self-configuring Finite State Machine out of Memory Look-up Tables  by Schiefer, Philipp et al.
 Procedia CIRP  11 ( 2013 )  363 – 366 
Available online at www.sciencedirect.com
2212-8271 © 2013 The Authors. Published by Elsevier B.V.
Selection and peer-review under responsibility of the International Scientifi c Committee of the “2nd International Through-life 
Engineering Services Conference” and the Programme Chair – Ashutosh Tiwari
doi: 10.1016/j.procir.2013.07.030 
ScienceDirect
 
*
A
A
e
a
l
F
o
b
F
 
©
S
S
 
1
f
w
T
c
b
m
t
s
t
a
b
i
p
p
d
C
 
l
n
a
S
f
e
S
e
e
F
.
o
o
u
im
p
u
u
e
m
r
l
e
C
b
 f
e
d
n
M
 
h
M
 2
l
r
in
 I
u
o
h
n
i
e
e
r
t
h
p
o
a
s
or
st
in
ct
 
gu
u
a
0
e
v
it
n
In
n
r
e 
t
l
m
e
c
n
o
a
g
tf
i
r
r
r
i
ri
r
a
 
si
v
 
1
ct
ic
e
t
 
d
k
t
r
d
o
 
t
 
m
v
le
r
o
g
e
es
a
te
c
es
g
is
n
io
im
3
io
e
 S
r
t
 
in
r
o
in
r
m
ru
c
i
m
a
r
n
a
p
c
 
a
t
e
 t
g
r
p
 T
n
s
ta
o
o
i
g
a
ll
g
y
m
r
ob
o
m
m
e
o
t 
st
l 
ri
s
h
 m
, 
l
h
 
 C
t
d
d
n
 
n
e
 
 
a
o
r
e
m
r 
t
nd
a
sy
ct
. 
e
e
e
e
a
o
e 
u
a
 
a
s
d
b
[
k
 
ss
il
 
n
s.
o
i
i
te
s
i
In
n 
em
v
m
 
nd
n
m
c
y
al
t 
it
 b
lo
1
e
o
e
e
is
ta
a
 
f
n
n
 
t
on
 
a
en
e
A
 
f
a
t
’
m
o
io
y
].
s 
f 
s
s 
 
t
b
T
 t
g 
m
em
s
t
b
o
 
n
u
p
e
ch
i
s 
n
n
 
ck
 T
e
, 
io
le
h
h
g
P
a
 
h
le
ry
in
ta
th
e
re
i
o
d
o
ly
 
in
s
is
v
[
g
n
 
e
e
 
h
c
s 
f
is
 
 
 
t
o
er
n
n
n
i
st
 
f
p
 
h
 
e
v
2
o
 
 
 
a
ili
h
b
or
 p
to
b
th
io
r
-
c
e;
 
g
 
o
r
o
is
p
r
o
].
in
lo
d
sy
p
in
a
 
a
 
a
e
n
s
re
e
 M
it
a
n
o
u
f
 
o
y
ic
 
g
o
g
e
s
 
p
e
s
th
p
se
s
 
.
. 
v
" 
a
ll
e
m
t 
 a
c
 d
e
I
 
f
i
si
t
S
 S
 
ed
e
e
l
ed
e
 
P
i
a
em
l 
 
 
 
s
n
o
ss
a
 
n
t
 
c
g
e
c
(F
 
 
r
f-
 
v
u
ew
n
e
d
si
o
ti
 
n
i
y
 
o
 
n
m
e
hi
S
o
h
 w
c
l
en
b
d
or
n
ig
n
n
m
F
c
b
 
sy
t
 
a
d
 
.
l
e
M
n
a
o
oo
t
li
 u
th
y
v
i
g
e
u
S
ep
le
a
s
h
b
n
e
im
 I
f
fe
 p
rd
e 
n
k
 o
sh
n
e
 L
ir
t
l
 
l
M
 
p
t
i
e
 
v
f
-
r
)
r
w
in
fi
-
f
e
d
 
o
o
a
e 
s
u
t 
t
p
e
s 
 
i
p
 a
2
. T
 i
o
t
g
u
 s
d
e
P
o
n
l 
a
t
s
 
o
o
l
m
F
c
l
n
n
C
e
s 
g
a
r
ur
p
i
 b
r 
ro
k
m
s
c
at
 a
co
f 
 
ic
s
p
u
S
e 
em
 
d
l
o
ra
re
o
e
 t
n
y
r
g
-U
y
t
e
n
n
o
u
a
 
a
se
M
F
 
o
P
.: 
n
m
 
du
 t
a
g
 
es
r
p
e
s
iv
 
d
n
s
ti
p
d
(P
e
S
In
h
+
e
m
a
c
h
b
le
E
p
a
 
n
te
e
to
 
ta
l
e
o
or
e
 
 
n
M
n
4
 o
n
e
e
le
 e
ls
o
m
T
t 
m
 
 
s
i
y
 
n
 
r 
L
t
te
f
il
4 
f
a
d 
 
 c
 
r
e
n
m
ab
f
st
a
to
n
 h
F
 
a
c
D
a
 
r
i
i
a
1
 t
b
s
th
o
(L
ro
v
s
l
in
s 
a
n
r
 d
a
s
sa
a
s 
a
)
ti
is
n
g
p
D
9
h
le
o
e
m
U
r
ie
ib
e 
e
i
d
te
o
e
e
v
S
u
f
 
n
 
o
 
a
p
u
1 
e
 
f
 
b
 
r
i
C
s 
te
u
 
t
d
c
i
M
c
e
s
a
 
o
n
g
u
 
r
3
 m
lo
tw
co
i
T
ev
 B
li
h
 
o
h
 i
i
n
h
ty
o
n
r
 
o
ti
S
ha
34
g
n
n
)
e
ty
a
s
e 
r
e
n
s
g
s 
 a
 
d
 
b
 
d
in
o
r
m
 
o
ic
ar
c
a
 F
n
.V
 
ir
ta
t
 i
r
f
io
 
t
s
a
e
e
c
ep
g
n
i
c
 
24
st
 
e
e
to
S
t
.
of
 –
t
o
n
 
o
n
o
o
 
c
 
x
 
o
 
a
n
h
U
1
 u
d
 
p
r
M
s 
 
 t
 
e
 
s
st
rm
 
n
 
v
ri
v
a
m
en
t
i
n
8
s
ev
d
t 
ia
(
h
A
 m
th
tr
a
m
e
c
e
t
e
m
d
o
l 
g
e
iv
; 
e
i
es
o
l 
 
S
e
s
e
u
te
a
a
 a
o
n
ic
n
p
o
b
d
 b
T
f
e
fa
d
c
i
f 
l
is
E
 I
h
a
 
c
 
t
k
c
n
d
a
d
l
n
i
s 
e
h
 
e
rs
x
 d
e
gn
a
o
 
E
n
u
c
f
ti
o
io
i
t
t
in
l 
i
e
e
n
o
 
F
r
i
: 
i
s 
 
gi
th
)
te
to
h
ix
o
f
n
n
iv
r
g
n
 
 
a
n
p
ro
i
a
ty
+
g
(P
. 
se
c
a
. A
r
s
in
e
n
 
.
g
e
o
 
s
g
F
to
 
r
n
*
, S
44
it
L
In
l
 o
t 
n
h
d
 
a
 T
 
 
l 
m
y
 
S
w
r
t
o
u
,
o
 
a
 
f-
f
w
 h
at
 T
es
 
a
 
lo
s
a
st
m
M
ia
h
g
g
i
 
u
1
l 
D
r
c
 t
e
i
i
 
w
t 
F
h
g
ta
 
a
e
it
l
e
ra
h
t
R
th
9
lo
)
e
o
h
l
g
on
iw
c
a
S
e 
i
t
ch
m
a
.
h
 
 a
m
-
e
i
 
1 
g
o
g
n
is
l 
h
a
a
a
a
t
M
b
c
e
w
i
c
 
in
l
c
l
T
c
R
33
i
r
ar
fi
 F
e
 l
l
r
n
y
im
a
 a
 a
i
n
s 
h
T
 
o
t
m
i
 
h
o
4
c 
 c
d
g
st
e
 S
i.
 b
 
 
s
n
t
d
e
in
h
g
u
e
fe
S
a
ad
 
a
o
s
u
S
a
v
c
 
e
o
e
i
ic
d
 a
th
s
in
e
e
a
ic
a
d
 
a
,
24
p
m
 o
ri
M
b
el
i
 
f 
. 
s 
 
 
 
 
, 
 
 
 
 
 
l 
 
E
t
b
r
 D
0
p
b
f
n
 
li
 h
en
a
d
u
 
8
li
i
 
g
re
sh
a
t
n
t
l
 
r
. 
c
n
c
 F
q
e
r
if
g
e
e
M
ha
E
at
a
o
S
u
d
d
i
w
s
s
c
o
[3
m
F
c
w
im
lo
u
d
o
a
In
u
i
 
s
m
-m
io
to
di
M
ir
 
w
c 
i
am
y
o
u
]
i
P
o
i
g
s
e
ff
n
 
n
n
M
c
,
a
n
r
n
e
d
a
C
th
st
m
tp
.
c
G
m
th
p
i
e 
v
e
d
t
iq
e
 
W
 D
i
s
ia
g
 
d
a
r
o
 
e
e
b
u
 
r
b
i
l
c
e
r
 t
h
u
e
H
l 
 
l 
, 
b
 t
ta
e 
m
a
 
m
i
t
P
o
A
i
n
em
 
li
lo
s
h
is
r
ad
in
l
F
a
o
 
d
m
n
l
 
n
s
L
c
 
n
 
b
b
p
 l
i
 
e 
i
a
i
1 
d
 
og
S
se
 p
er
e
y
an
w
e
 
o
b
a
t
e
a
r
m
im
s 
p
h
n
c
ll
3
r
to
i
M
d
e
r
si
it
 
d
(S
D
n
a
ti
h
n
se
ar
i
a
a
g
i
L
es
d
c
 
r
o
g
te
t
g
il
 
 
tr
s
o
e
t
d
y
e
it
s 
p
r
 
h
a
E
s
a
 p
 
on
fo
r 
n
e
y
u
l 
si
C
o
e
n
 
at
 
 
n
e
th
e
d
S
m
, 
: 
y
l
c
 
r
c
 o
 
p
a
f
n
O
b
ll
d
 
c
i
p
i
t 
d
r 
w
e
in
U
ph
’s
at
an
c
m
o
f
of
e
g
o
g
)
a
e
 
o
h
o
l
m
s
 p
e 
a
a
r
,
n
i
 
f
 
o
 
rr
 t
 t
 
e 
ll
l
, 
se
r 
p
i
n
a
p
o
r
 s
r
v
e
 A
ite
li
e
o
b
d
th
e
h
h
o
w
o
e 
a
d
s
f 
p
 
tf
f
o
e
o
e
i
d
pp
le
rm
e
in
e
c
is
e
f
w
p
n
 
y
la
 
w
o
le
tw
ss
a
l
 
c
 
l
 K
.
c
 
g
 
ti
 
 "
 
i
 
r
d
s
t
c
[
i
r
m
i
so
u
d
e
o
a
sc
tr
s.
c
 
co
on
F
2
d
ll
o
o
 
im
te
fo
o
4
ll
m
a
b
n
t
e
s
u
n
in
h
ic
 B
o
d
m
 
S
n
e
 
n
c
s
m
r
m
-
 
.
e
r
il
 
io
s
 
g
ie
a
d
a
m
M
d 
sc
n
e
e
t
p
m
b
5
b
 F
n
e 
i
w
n
ig
C
t
 P
do
f
l
ot
ed
ta
p
 
In
r
o
 
s
a
l
 p
i
]
e
ta
t
ti
h
 
n
o
 
m
er
s
h
 
 a
u
et
w
t
ip
t 
o
s 
te
em
s 
n
. 
 
P
t
o
e
y
fo
 
o
u
 
@
y
 p
i
s
ls
h
i
er
t
l
f 
(
 
la
a
I
d
G
io
o
s 
 
r
w
n
r
s
l
n
 
o
o
ll
n
i
o
t
C
s
e
t
h
to
n
o
A
n
l
t
i
 
f
f
v
du
te
a
 a
m
ry
d
 b
a
o
o
h
S
e
n
fo
a
r
 
n
s
s 
o
t 
s
it
e
 
i
r
m
tf
l
e
 
s 
e
ti
n
k
e
P
p
t
r
v
i
t
e
s
 
[
 i
w
h
h
r
M
s
h
s
o
te
m
s
c
 
o
 
 
 t
)
ar
a
m
e
a
h
 
 c
o
3
m
i
o
 
e
 
am
. 
rm
r
o
ta
a
p
n
la
t
h
,
a
ti
 
l 
i
o
a
f
-
p
l
w
m
n
A
n
r
t
n
re
a
n
h
r
 s
t
o
 o
t
s 
n
n
 
4
r
l 
i
c
e
.a
n
s 
at
y
e 
 b
s
l 
g
e 
e
t
e
n
r
h
lo
 
 
F
]
o
n
n
in
e
m
c.
 
f
iv
 
se
e
e
T
u
s
e 
a
d
 
 
e 
g
p
a
b
S
. 
v
o
g
i
 
u
F
or
e
lo
q
 
nt
h
a
a
c
te
 r
c
in
i
a
 
e
M
A
e
t 
 a
m
k 
S
 
s
o
u
a
e
ro
g
m
o
 
e
a
 
a
c
p
P
 
n
 
p
n
a
o
M
a
 
k
e
pp
d
u
e
m
s
g
n
a
d
 
e
L
p
s
 
o
a
 
l
 F
st
-u
n
l
 i
g
 
e
ep
i
 
n
v
a
r 
ro
 
F
r 
r
a
 
r
 c
S
y
p
c
i
n
h
t
. 
m
st
 F
a
n
D
v
t
P
a
t 
p
c
y
a
M
l
 
e
ed
 c
-
w
T
o
ar
e
b
P
n
d
th
 
i
h
lt
o
p
o
n
es
t
. 
 
o
li
o
h
n
a
r
e
t
 
e
a
d
a
G
e
f 
r
n
 
 b
 c
 
ab
T
to
m
fe
 
l
t
e
 
G
ag
 
n
e
t 
A
r
t
o
tr
L
e
o
a
l
h
 
p
 E
s
e 
y
e
d 
d
A
e
m
d
d
a
 
t
h
a
o
 
n
n
e
e 
p
a
o
c
 
d 
o
o
 
 
e
fo
 
 
r
b
h
is
ch
ll
o
im
t
d
s.
p
r
r
n
l
o
u
c
u
n
b
m
c
c
w
e
e
 
i
ai
 p
 T
r
ot
i
g
u
d
s
o
e
a
o
u
o
i
 
as
 g
in
 o
n
o
p
n
r
im
e
so
in
ti
i
e
m
tp
 
s
f 
o
s
m
th
p
e
i
v
f
g
k
  
le
 a
o
h
c
n
e
o
n
d 
u
e
ry
 
 
a
d
v
e
 
 
m
d
g
e 
ar
t 
 
e
n
g
m
b
t
w
d
h
 
b
r
r
 
e
s
cr
lo
-
v
ra
r
y
th
to
ri
s
 
in
s
i
 
a
o
in
e
t 
s
n
t
e
g
U
en
a
m
e
 b
e
 
n
 
o
e
 (
th
sy
v
f
f 
a
o
o
 d
ig
a
i
t
n
su
e
 
a 
g
in
f
th
at
S
 
s
in
a
at
d
f
lu
e
a
t
c
ed
ta
m
lt
n
F
P
 
 
o
o
R
t
g
ci
F
o
y
 
t
s
t
in
 
p
 
g
i
i
e
S
L
t
th
d
r
a
e
 
li
S
r
-t
t
i
i
io
g
a
i
e
n
n
f
M
D
h
i
s
ia
O
n
m
t
M
ia
o
h
o
g
n
 
n
 
n 
s 
g 
g 
it 
 
 
e
s
:
l
)
y
.
a
y
l
-
e
n
n
.
a
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© 2013 The Authors. Published by Elsevier B.V.
Selection and peer-review under responsibility of the International Scientifi c Committee of the “2nd International Through-life 
Engineering Services Conference” and the Programme Chair – Ashutosh Tiwari 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
364   Philipp Schiefer et al. /  Procedia CIRP  11 ( 2013 )  363 – 366 
m
m
ex
p
2
p
u
c
a
H
si
o
re
c
a 
p
o
o
d
u
o
h
b
 
e
e
er
. 
ro
se
o
ss
D
n
u
g
an
C
ro
u
u
ia
se
u
a
lo
m
m
ec
f
D
F
g
d
d
o
g
tp
i
n
c
tp
tp
g
s
tp
d
c
 
u
o
i
o
r
 
in
c
L
l
u
s
o
S
e
u
u
r
 
u
b
k
F
o
o
t
r
ff
r
a
t
g
i
 
e 
t
te
t
P
s
t
t
a
a
t
 
i
ry
ry
i
m
e
 
m
o
 
a
im
p
 
r
 
 
s
s
 
m
 
 o
ee
d
g
F
 
 
o
a
r
c
 
m
te
r
o
. 
b
i
e
 a
r
 
tw
n
ia
. 2
ig
u
n
n
e
o
m
d
e
d
p
o
f 
D
e
s 
s 
r
e
c
f 
 
g
 
. 
L
s
 
c
n
d
i
o
t
 
l
c
th
 e
i
i
e
g
a
o
th
i
r
Fi
C
3 
U
a
t
e
t
i
n
 
h
w
e
e
u
a
ll
n
 
is
n
 
e
n
a
g
od
C
T
g
i
. 
 c
n
g
so
o
m
s
e 
e
s
u
s
g
t
 
p
 
f
m
. 
i
o
e
m
o
g
 
:
d
it
e
s 
F
 t
il
s
te
e
er
b
ro
o
e
 
1 
n
d
 
 
e
d
 
la
 
s
h
n
f
S
o
y
tr
a
n
 
e
c
u
rr
o
C
g 
in
w
a
 
i
a
n
C
 l
 
t
or
M
 
 
a
d
er
g
 
e
tp
e
f
o
st
g
i
n
n
n
g
S
ik
s
a
 
t
sy
te
 
a
e
s
s
d
 t
d
y
 s
ll
d
w
g
 
u
P
p
ti
c
.
h
n
d
o
t
t
e
s
u
 
h
in
le
ty
 
 
i
 
a
,
e 
e
o
o
 T
is
 
f
e
s
en
 
t 
o
is
g
 s
l
b
e
l
st
F
g
 
O
ci
n
n
 
th
i
 o
d
 
 
m
s
u
 
 s
ta
e 
e
x
l 
y
S
e
S
n
f
 
tr
h
s
e
n
n
 d
u
i
e
ig
t 
c
ty
t
st
 
e
l
M
 
C
ic
[
o
e
to
s
 
l
i
s
n
t
n
o
o
l
e 
a
p
cu
b
e
t
O
e
 
3
l
se
r
iz
F
y
r
e
 
h
a
f
d
e 
se
te
r
e
s 
 
h
-H
h
].
li
 
in
e
ig
 
e
d
F
o
l
 
in
co
p
 s
e
ti
 
f
w
e
, 
a
 
n
o
d
u
o
ct
 
i
d
 w
t
g
m
a
ep
s
o
o
r
a
o
r
T
g
u
g
 
r
n
l
in
g
 
h
 
b
ra
a
e
n
u
r
it
e 
n
t 
d
h
 b
t
 
b
e
e
y
 
u
an
il
e
m
i
te
r
n
 
s
 F
h
d
o
w
e
o
p
o
y
 
 
 o
re
l 
 
e
n
d
at
te
ti
e
S
 
ar
 
r
a
 
t
u
f 
 
1
u
u
th
 
d
b
o
t
ed
 c
e
d
m
d 
e
S
 G
r
C
h
ts
t
so
. 
se
t
e
2
u
e
u
h
 
o
d 
.
e
M
th
 
R
e
 
 
h
f
T
d
 
 
.
s
 
tp
o
si
m
re
 
s
t
s
e
t
O
ra
 
S
th
o
e
t
 
o
c
 
e
d
u
d
n
b
g
C
 
o
 
 
h
y
r
P
e
f 
 
w
h
i
f 
o
T
s
o
t
 
gl
i
is
o
a
 
h
re
. 
 
e
 
 
t
ou
a
e 
n
c
d
h
 
n
 
ca
e 
na
te
m
r
e
V
e
q
c
st
h
r
S
 t
o
i
e
a
e
c
n
p
t
r
e 
e
e
 
n
u
o
a
e
tp
e
h
m
n
 
n
 o
o
 
ro
or
ed
p
i
v
lp
m
a
c
ir
d
t
 F
u
. 
C
e
g
S
 o
n
m
b
c
ia
 
a
n
a
 
ri
o
e
in
e 
t
A
O
 
b
 
R
u
e
b
e
e
l
ou
ri
v
lu
e
a
d
m
g
t
S
, 
 
 
C
in
m
O
 
i
 s
ss
 o
t
s
e
a
o
th
ti
in
e
 
ra
M
a
b
c
S
a
tp
s
n
e
 (
u
p
o
s
t
f 
o
g
n
m
n
 
 
l
o
P
t
e
 
u
ta
a
e
C
tp
ut
n
ti
e
o
n
 
t
s
a
F
o
d
 
o
th
c
t
g
to
n
S
u
s
 
g
 
a
d
 
a
s
e
i
r
S
ck
i
s
r
o
o
 r
e
r
 
P
ts
(
b
a
t
 
s 
o
r
 
t
ti
e
M
 
n
t
ia
d
d
e
 
i
in
)[
 (
SR
e
te
h
h
c
f 
e 
fo
h
o
 s
d
g
y
l
.
in
g
la
a
 
3
S
t
d
e
i
o
t
i
r
o
n
t
 
i
 
le
 l
 
g
i
t
l 
F
] 
C
O
w
 
 
g
m
h
n
 
d
s
o
s
a
u
 
o
A
 
s
e
l
ig
O
)[
e
a
h
i
 u
F
 
 a
r
tr
g
s
a
g
 
m
te
r 
o
u
)
3
e
n
s
 
m
s 
s
P
u
n
ed
u
ra
e
n
i
r
t
g
r
[3
] 
n
d
y
l
t
e
s
d
 
c
m
s 
d
c
b
e
. 
h
ic
e
]
 
 
st
e
o
h
 
G
e
 
i
t
t
 
. 
lo
th
T
an
.
 
 
t
t
e
v
n
re
b
A
s 
th
n
u
 
w
th
N
c
o
h
 
 
3
h
h
m
e
ly
e
u
s
a
e
 a
re
o
o
e
o
k
d
e
i
A
. 
e
e
l 
 
 
t 
 
 
 
 
 
f 
 
 
 
 
 
 
t 
 
 
 
 
 
 
 
T
a
m
c
o
t
c
c
o
c
s
T
d
s
t
t
t
g
3
i
4
m
s
F
h
s
o
v
h
o
o
v
o
tr
h
i
ta
ra
h
ra
e
.
m
 
ta
i
e
 
em
d
e
e 
n
m
e
d
u
e
ff
t
n
is
n
t
 V
W
p
w
in
t
g
 
l
in
r
c
tr
b
r
in
c
 
e
e
s
 
s
s 
l
i
e
u
g
it
o
h
o
o
h
tu
b
r
 
i
st
i
c
e
i
e
il
m
 
re
o
tl
r
g
e
d
l
in
e
g
en
m
ti
a
ti
o
n
t
m
l
u
d
 
a
e
y
 
a
i
 
a
a
 s
re
lo
o
t
o
n
d
h
e
 
m
ia
5
l 
 
 
st
d
n
b
t
d
t
 
c
ce
e
n
e 
n
tr
in
 
n
b
g
. 
o
a
L
y
s.
g
i
o
 c
y
s
k
 
m
 s
p
s
o
t
t
e
 
r
f
s
U
l
 
 t
t 
ri
a
le
h
 
b
o
t
o
 a
l
g
h
a
 
c
a
F
 t
 
e
R
h
w
a
n
 
o
d
e
r
o
i
n
le
 m
e 
ti
i
o
m
ig
h
p
T
s 
e
e
l 
 
f
w
i
t
y
r
n
d
d
o
m
n
 
. 
is
s
d
d
 d
it
b
o
n
a
w
 
ed
t
 
 
a
e
n
p
tr
o
5
 r
o
. 
o
u
a
h
lo
e 
r 
 
F
g
e
p
 
er
th
if
c
x
 
o
f
 B
e
ss
 
c
t
i
g
r
th
in
ig
r
e
o
w
 
 r
h
a
th
le
l
 
a
s
i
It
n
ti
a
n
i
e
 
. 
am
n
c
is
e
i
m
e
m
li
t
s
e
b
 
o
 s
 
c
d
e 
F
4
 
in
it
a
 
q
n
p
 
n
h
ic
a
le
b
o
n
t
th
 
u
F
i
 M
 
th
t
h
n
is
u
e
l
p
e
g
e
 s
r
 
e
t 
 
o
e
c
c
S
gu
s
e
e
in
 b
 
i
 i
e
r
n
 
 
ta
ch
c
g
in
re
 
a
e
M
em
h
 
r 
 
h
re
m
 
op
te
c
so
te
 
c
a
e
 
d
m
n
d
re
o
t
t
e 
o
d
p
o
d
o
d
 
i
o
m
n
th
 
 
. 
 
 
or
w
h
u
h
a
w
.
f
o
 
m
a
di
s 
n
e
i
in
e
b
W
c
4
y
re
s
e 
l
 
 
le
 
se
t
b
 
a
to
tr
e 
r
s
 
m
e
a
. 
 b
n
e
ed
m
te
th
m
a
d
o
v
gr
 
o
a
 
t
 
it
n
a
 
 
r
 
 
 
in
e
a
c
l
a
te
ar
h
o
a
h
 b
se
i
o
 
e
e
e 
e
c
a
n
m
r
li
p
 
e
e
ry
l
 t
e
d
n
t
t
m
d
m
n
s
o
sh
t
d
 o
e
n
p
m
a
 s
 
te
h
 
 L
 
h
o
o
 b
t
o
d
o
o
i
f
at
g
a
 
t
r
i
a
U
F
e
 
r
y
e
a
d
i
w
ri
n
 s
e
 
re
in
o
at
d
e
s 
lt
i
r 
a
y
m
ti
a
n
a
g
o
 
c
n
i
f 
e
at
d
m
e
T 
g
c
c
 
 t
o
o
 
g
 
l 
 
da
a 
o
t
m
l
 m
a
 
e
r
c
u
o
c
L
h
r
n
v
 s
t
l
m
 v
F
m
 
o
 
a
m
e
od
re
d
e
U
e
y
 
e
t
h
o
a
e
S
t
a
g
e
t
t
d
i
 
i
s
T
 
 
n
y
e
g
c
n
M
b
h
l 
ic
m
h
 
o
 t
n
4
n
s 
F
st
d
le
 
i
h
d
in
a
c
 
e
r
r
o
g 
 
g
. 
S
o
i
 
f
c 
i
in
 
a
t 
o
c
o
 
u
y
 t
st
 s
th
T
M
r
n
p
e
d
n
g
d
t
m
a
ry
in
n
 d
h
y
d
t
e
h
e
g
r
a
e
 m
e
o
th
n
p
-t
a
e
le
is
y
 
e
 i
d
 
o
s
es
 
si
r
e
b
 b
. B
u
i
t
 
 
c
le
 
n
 s
m
p
ib
i
c
ac
g
ia
 
in
e
t
m
a
b
l
s
re
in
p
t
o
i
g
a
h
n
l
a
a
 
y
 
e
 s
lo
o
. 
q
f
u
a
a
se
li
n
n
in
 
 
b
t
g
 i
a
 
t
c
s
W
u
o
t
te
c
d
ty
. 
 
e
w
l
o
o
a
n
n
a
ru
k
e
i
r
s 
 
h
 
 
T
b
 
h
o
v
r
in
c
d
n
 
s 
h
r
m
a
tr
in
i
e
i
g
e
ia
e
lu
 
d
ct
d
i
e
a
n
a
e
n
a
h
 
c
ic
 
l
d
o
 
u
i
an
c
d 
t
d
n
 
 F
n
e 
se
h
 
 
 
d
u
r
ag
 
o
h
io
 
s
i
d
b
e
 u
th
lo
w
in
t
lo
e
r
t
 
s
n
s
it
F
g
 
n
s
a
r
g
g
p
g
 t
a
h
is
ta
 
ta
i
S
u
t
as
 
e
n
e
i
it
 
u
i
h
m
e
 
t
o
t
o
M
r
h
i
i
s
d
e
c
h
a
t
c
e
r
a
e
f
e
n
e
e
c
n
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
365 Philipp Schiefer et al. /  Procedia CIRP  11 ( 2013 )  363 – 366 
T
c
c
c
c
t
c
s
i
d
c
i
t
t
3
m
o
l
h
r
s
8
w
a
t
A
j
l
m
3
a
a
s
c
s
f
o
s
g
p
o
a
o
e
h
a
o
n
e
a
n
h
h
.
u
a
a
e
t
0
n
h
u
o
.
c
d
t
o
i
u
f
i
a
o
h
r
n
i
n
r
s
d
 
p
n
f
e
e
1
i
t
n
r
q
y
5
e
d
e
N
m
g
e
2
c
d
a
m
z
n
 
g
t
i
e 
r
 
n
t
e
e
a
T
F
e
 
o
 
s
. 
F
cr
p
g
d
u
le
re
 
 
D
p
i
m
. 
T
o
r
te
e 
c
t
n
e
n
 
e
o
s
 
e 
 t
 
h
n
b
rm
o
e
P
o
o
u
u
w
i
 
1 
 
j
fo
c 
o
C
h
r
e
 
b
t
h
a
s
t
fu
ct
f 
 a
c
c
h
a
e
ig
d
e
v
 t
L
r
c
t
a
re
p
u
u
l
, 
s,
m
r
o
e
d
s
in
a
io
e
l 
 a
er
n
 
s
r
o
o
e
n
 
u
e
 c
a
e
w
 
o
 
g
ar
m
r
m
s
m
lo
6
 
y
 
in
s 
tr
n
n
 
r
r
 
c
a
o
e
in
in
 
d
st
r
n
o
ti
r
o
D
t
n
c
e
e
e
i
e
p
w
 b
a
e
 
m
c
g
p
a
at
d
a
c
e
e
d
t
m
d
 
s
m
 p
a
e
t
d
o
h
 
 
h
t
a
 
 
e
s
c
d
y
n
m
o
b
o
 
o
n
o
 
l
o
d
 n
a
i
o
a
a
.
s 
a
a
t
 
 
e
n
e
p
b
e 
ro
p
h
a
n
en
ro
: 
. 
in
t
d
f 
i
m
i
s
r
s
 b
m
u
e
ta
on
u
 i
cc
 
d
c
y
e 
5
tr
s
 
ad
la
a
l
a
a
n
ts
t
c
M
T
e
 
o
t
n
b
to
n
it
ia
tr
l
b
c
e
 
 
n
s
e
T
e
h
i
d
 
a
 a
in
 
t
s
im
l
b
s 
d
.
e
o
h
g 
s
3
ry
h
a
i
 
t
i
l
u
o
i
e
d
a
t
 g
p
h
n
i
n
i
n
n
 
r
fo
e
er
i
b
 m
 T
d
n
O
e
i
 f
3 
 
e 
t
n
F
er
on
 
c
c
n
r 
e
n
o
 o
e
t
e
o
n
g
a
sh
s
d
t
e
r
d
p
 
li
e
h
 
t
 
n
o
b
i
s
o
a
i
 
lo
tu
k
a
a
d
d
f 
f
t
e
 
m
e 
 o
g
o
it
 
h
q
m
 F
l
w
ti
e
in
in
r
V
a
s
r
y
s
ta
r
to
g
f
 
g
r
 
t
n
 
 l
t
 
ti
d
m
h
u
ra
w
i
m
is
u
S
e
a
e
n
i
e 
o
,
s
tr
 X
t
 
t
ia
r
u
o
m
i
e
e
o
d
to
o
h
3
n
 b
a
in
a
t
m
o
 
i
s
m
s
s
 
m
c
 F
ll
 A
s
u
e
9
e
l
i
r
r 
c
 
qu
ri
 
 
g
e
0
g
c
a
s
 t
s
n
ap
m
r
. 
M
e
 
. 
c
o
e
em
c
O
s
4
 m
 l
a
e
t
e
 b
a
a
o
d
ic
 
 c
 
y
h
t
 t
h
 
 
 
p
ed
 
n
c
h
a
d
ig
r 
D
ti
R
 
 
o
l 
 
h
m
s
al
l 
u
e
 
m
e
ej
 t
i
io
o
e
fo
1
st
em
 
i
t
h
F
o
l 
in
u
D
b
o
fo
b
e
g
lo
6
e
o
as
 
 
t
te
f
n
e
h
n
n
 p
 o
r
7
a
ed
f
m
a
o
o
s
o
r
o
l
n
, 
r
y
m
i
g
. 
 
r
e
th
fo
lo
p
r
or
a
t
c
e
e
 
v
 
 
te
 
o
o
p
ti
s
r 
e
v
g 
e
n
, 
er
s
6
 j
te
o
c 
i
T
n
y
d
r
g
u
m
 
c
s
te
 m
 
a
er
th
s
i
r
r
l
o
e
n
e
s
 
ly
A
 
 r
 b
u
s
r
b
c
e
 
 
e 
 
i
t 
o
h
 h
d
a
n
f
er
e
in
.
n
y
 
e
n
n
c
 
rh
ty
4
 
i
e
y
m
. 
y
a
 b
h
x
F
b
c
s
in
u
in
a
.
a
c
d
o
p
 
p
 
to
 
im
m
 
 b
o
b
e
. 
t
N
m
q
t
T
 
s
a
is
t 
r
S
P
o
 
i
e
tp
e
s
 T
c
c
 e
r
a
s
u
T
 
is
o
e
d
e
a
le
F
h
D
p
u
e
p
c
e
s
 
s
eq
M
L
th
F
g
 
u
 
 b
h
ep
v
m
i
o
t
h
2
 
p
e
n
c
in
c
d
 
r
e
l
i
s 
s
h
o
d
e
d
ta
u
D
 
S
n
th
t
i
h
in
t
e
 
d
d
s
e
9
g
l
n
 
a
a
 
w
o
 
, 
e
re
f
. 
is
u
 
d
e
t
i
 
 
d
M
a
e
 r
s
ee
e
s
n
tw
 a
a 
, 
s
 b
o
e
ta
u
g
u
in
a
m
f
X
m
d
o
T
 
n
F
 
s
e
r
u
e
l 
 
e
 
n
 f
e 
 
 
m
v
e
y
in
m
t
a 
s
 
se
 
s
o
e
 
r 
h
i
t.
S
F
ig
 
e
s
d
s
 
e
s
d
a
 
o
5
a
h
o
e
1
 
t
g
e
i
e
t
 
t
 c
 
ll
O
n
m
A
e
s 
 
M
S
n
tr
m
e
e
ig
d
x
ig
i
 
t
ll
 
n
a
 t
o
n
0
d
e
 
n
o
P
 
h
o
h
o
th
o
R
t
D
 
a
M
 
a
e
s 
si
n
e
p
n
re
s
o
o
(
y
n
a
u
d
 
if
s
t
t
n
L
it
e
f
e
n
e
w
,
a
em
t
 
 
u
n
n
t
g
s
s
a
a
c
im
ss
w
D
 
d
s
n
i
o
f
 o
o
a
 
D
 h
 
 
 p
s
 
i
 
ti
D
o
r
im
 h
s
t
h
n
.
ig
n
l
t
e
)
a
le
k
t
n
u
er
f
 b
ti
F
th
r
i
i
n
re
o
o
,
ta
a
a
se
it
 
e
. 
 T
n
d
 a
io
p
d
in
, 
rr
s
s
. 
g
t
e
 
e
o
 
a
S
e
o
st
n
g
l
n
r
 2
l
ti
p
s
s
io
i
 s
 
e
d
n
le
 
g
1
a
 
: 
 m
p
n
m
 
n
p
s 
M
 
g
e
st
 
a
 
y
 
o
l
 
 
n
s
a
T
h
r
d
 
in
 
0
n
ov
su
u
t
e
t
 
l
o
d
r
n
r
d
ti
o
 
7 
b
 
em
b
a
 
m
h
e
c
. 
i
. 
t
t
d
 
g
p
a
ts
 
m
h
o
a
n
 
i
a
t
u
i
v
f
si
b
y
o
e
 
. 
o
is
 c
o
A
n
a
o
e
(N
e
er
p
c
,
tr
e
f
tf
-
r
m
 w
c
r
e
 
z
y
te
f
e
e
s
A
n
e
 
o
n
g
s
 t
n
m
p
h
 
a
o
 s
 
o
c
th
ec
m
ti
ec
 j
th
e
t
 
 
n
n
in
s
 m
i
n
ta
d
 t
k
h
o
)
a
ly
in
a
n
ry
a
th
r
h
e
t
it
o
t
u
i
: 
e
c
3
t
 i
 
e 
s
t
i
d
o
-
e
m
, 
en
y
i
n
s
 
m
i
m
ip
 
 
in
h
n
 
m
s
2
s 
o
.2
a
m
g
a
e
 
ro
n
it
 
:. 
 
i
a
i
n
e 
d
it
L
s
 
 
li
 t
 
c
 F
2
f
u
 
t
p
le
 
b
m
a
s 
io
th
m
n
n
t 
n
g
p
 
io
U
e
 
i
a
n
g
h
s
o
p
 
o
n
t
io
l
 
re
y
 
ll
n
e
a
a
a
d
o
g
 a
r
2
n
 t
F
a
n
s
k
 m
e
et
m
 
S
b
r 
t 
im
n
e
m
s
t
o
c
in
a
 
ft
c
ti
 2
f
. 
 
e
 
 
T
o
S
n
p
se
 
 c
 
a
M
y
r
f
 
m
u
e
ry
o
g
n
al
a
e
h
o
 
In
c
s
s
 
M
 
u
m
t
e
o
o
m
t 
te
el
o
e
e
l
. 
 
m
 
 
 
d
r 
i
n
5 
th
 
a
en
fi
st
. 
sh
8
t 
o
m
d
f
a
z
 u
s
a
r
s 
en
m
t,
L
m
lo
in
lo
d
t
n
s
(
e
t
n
t
x
a
T
o
 
0
a
b
 t
o
i
 t
n
e
 
ti
 t
t
t
o
 t
T
U
g
p
g
r
h
e
 i
Q
s
h
 o
e
e
te
h
o
5
n
le
h
r
n
h
d
r
se
fo
v
h
h
e
r
h
h
o
u
e
e
 a
n
)
e
is
f
d
d
s
e
w
n
1
d
r
e
y
g
e
s
o
s
r
e
e
e
d
y
e
e
T
n
ic
t
ic
ss
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
, 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4
m
e
re
b
c
fo
c
c
T
C
5
6
3
5
c
fl
5
m
m
u
d
c
lo
lo
o
. 
e
x
q
y
o
r
o
o
ab
o
*5
*5
*
c
o
o
. 
e
e
s
e
o
g
g
f 
 
R
F
m
a
u
te
m
 
m
m
l
in
 
 
10
en
 
T
u
w
 
C
T
m
m
e 
si
n
i
i
a
 
F
e
o
m
i
s
p
t
b
p
e 
s
ce
ce
 c
t
h
n
o
h
o
g
s
c
c
 f
ig
s
r
o
p
r
 
a
h
i
a
1
 a
n
n
e
 &
t 
 i
n
o
o
f
n
id
 
 b
u
. 
u
 
r
l
e
a
r
e
n
r
. 
p
t 
t 
n
 
e 
i
n
e 
r
r
 
 
e
e
t
6
l
s
y
e
m
n
i
 
a
i
C
pl
&
t 
2
c
s 
 t
cl
y
y
lo
r
l
lo
u
 B
ts
t
 
 
e
d
so
c
to
so
om
ie
 
5 
o
p
h
u
d
 b
 r
g
a
em
c
re
a
 
o
b
n
 f
n
o
r
n
d
25
c
m
o
e
s
e
a
a
i
so
b
k
 
s
ri
a
im
t
o
 
m
i
 
p
 
 
en
s
 a
i
si
s
ti
c
l
le
e
 
w
ic
n
s
s
r
o
b
a
o
ar
ce
t
p
s
s
o
g
e
o
 c
u
 
n
a
o
 b
g
ed
p
o
 t
f
l 
f
is
n
 
a
ib
s
n
n
d
. 
i
ti
w
t 
 s
r
lo
 
 
le
f
h
 t
in
l
 t
o
t 
r
e
 
 
 L
A
r
o
h
o
k
c
t
m
 
e
h
a
o
h
n
is
le
m
o
n
cu
n
i
re
l
.
k
h
L
s
 
e
t
g
e
 o
o
 
b
f
U
 
c
l
u
 
 d
e
U
e
to
c
 m
o
i
s
f 
n
d
l
 
T
o
it
h
ia
ti
i
 
T
n
r
o
ri
c
e 
F
 
u
e
t
 
th
s 
r
 h
b
o
ag
d
t
i
m
e
a
 
tw
S
o
e
r 
h
s
e
i
e
i
n
r
i
 
at
n
b
m
l 
d
M
f
 
c
e
h
r
n
d
a
l
 
am
ff
o
i
g
i
o
e
o
 
 
to
o
 
o
 a
 
u
s 
it
fo
e
f 
o
 
n
r
d
si
 d
im
th
 
d
c
w
d
co
c
a
y
r
 o
r
n
th
a
y
e
g
p
e
t
e
o
s
v
m
e
n
. 
 
f 
e
2
s
e
to
 
si
n
e
l
 
h
 r
m
 
a
s
 i
D
a 
c
n
9
. 
 
r
ra
g
 
si
em
p
e
e
th
n
p
 
m
f
om
t 
 
a
i
t
n
h
g
e
 f
s
b
e
t
a
u
a
b
F
s
a
io
 
a
n
en
r
a
u
in
 
a
r
t
p
e
u
b
st
y
o
s
l 
 
0
s
s
t
f
c
lt
a
b
g
is
h
a
 
lt
in
a
t
r
em
lo
i
.
 
 w
at
P
d
3
3
o
t 
s
t
e
e
o
e
ct
t
 
a
te
es
 
g
s 
0
a
io
L
e
3
0
16
11
rm
t
 i
o
st
 o
n
 
 
o
to
to
 
 
b
i
f
3
 
il
n
D
si
9
5
1
3
h
n
ri
 r
f
 
o
l
ri
t
h
th
l
c
o
. 
b
l 
 e
 
g
 c
 c
 c
 c
a
a
 a
a
e
 t
to
lo
n
th
e
a
r
a
e
e
 
r 
T
s
x
b
n
y
y
y
y
n
t 
 
l
s
h
 
 p
e
ra
l l
a
s
 
r 
d
th
et
h
e
a
 
c
c
c
c
c
a
f
 
u
i
a
g
o
 
n
o
n
 
p
e
h
t
o
cu
se
le
le
le
le
e
 
ix
lo
lt
s 
 
ic
w
s
t
g
s
b
P
r
si
e 
is
er
w
t
d
s 
s 
s 
s 
 
c
e
g
s
d
m
 
i
 d
ic
it
e
L
o
g
P
 
 
 
io
 
b
e
d
i
 i
e
i
e
m
 b
io
e
g
n
L
i
m
th
n
a
rt
 
c
n
s
c
c
r
p
es
a
n
n
D
r
 
D
n
e
 t
s
a
c
 
 p
ig
r
i
 c
l
i
se
 
 
 
am
on
d
e
 
im
ed
in
y
d
n
oc
rc
o
e
g
d
i
u
 d
ic
m
f
e
 
 
cl
e
er
 
o
u
n
 
n
 F
n
s
t
 
ly
e
a
a
 
p
e
s
f
i
n
i
s
c
 
S
f
e
h
h
 
s
t
o
st
C
lo
de
18
14
8 
6 
o
r
 
i
o
s 
t
u
o
co
M
o
d
e
a
1
i
e
ry
e
om
g
s
 
 
cy
cy
n
o
co
g
r
th
tr
 
m
m
u
 
r
 
 
s
 b
g
s
 
r 
ic
ig
cy
cy
c
c
 
g
u
n
m
o
l
 d
m
f
 
n
 
r
s
b
 b
n
c
c
l
l
th
r
n
 
a
e 
ll
o
p
b
d
e
a
o
m
b
y
 3
th
a
y
in
a
 
le
le
es
es
e
a
u
n
r
e
v
ti
in
 
si
t
r
e
e
te
a
t
s
a
se
s
s
 
 
 
m
t.
s
c
e
r
e
o
a
b
g
io
 
m
en
.
.2
t
io
te
to
d
 
 
c
m
 
in
e
d
. 
r
n
t
e
n 
n
b
 
T
 a
 
.
m
ri
 
y
g
 a
u
T
h
 a
o
p
 
o
o
9
h
n
th
 
a
c
in
 
n
ce
h
ea
n
ri
a
th
ry
4
d
A
: 
l 
l
g
d
d
i
d
d
a
r
a 
 
 
 
e 
 
e 
 
e 
 
a 
 
 
s 
 
 
l 
t 
366   Philipp Schiefer et al. /  Procedia CIRP  11 ( 2013 )  363 – 366 
Acknowledgements 
This work is supported by the EPSRC Centre in Through-
life Engineering Services. 
References 
[1]. Senhadji-Navarro, R., I. Garcia-Vargas, and J.L. Guisado. Performance 
evaluation of RAM-based implementation of Finite State Machines in 
FPGAs. in Electronics, Circuits and Systems (ICECS), 2012 19th IEEE 
International Conference on. 2012. 
[2]. Garcia-Vargas, I., et al. ROM-Based Finite State Machine 
Implementation in Low Cost FPGAs. in Industrial Electronics, 2007. ISIE 
2007. IEEE International Symposium on. 2007. 
[3]. Rafla, N.I. and B.L. Davis. A Study of Finite State Machine Coding 
Styles for Implementation in FPGAs. in Circuits and Systems, 2006. 
MWSCAS '06. 49th IEEE International Midwest Symposium on. 2006. 
[4]. Tiwari, A. and K.A. Tomko, Saving Power by Mapping Finite-State 
Machines into Embedded Memory Blocks in FPGAs, in Proceedings of 
the conference on Design, automation and test in Europe - Volume 2. 
2004, IEEE Computer Society. p. 20916. 
[5]. Koster, M. and J. Teich. (Self-)reconfigurable finite state machines: 
theory and implementation. in Design, Automation and Test in Europe 
Conference and Exhibition, 2002. Proceedings. 2002. 
  
